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&RROLQJ HIIHFWLYHQHVV GLVWULEXWLRQ RI PHWDO ZDOO VXUIDFH RI VFDOHOLNH SODWHOHW LQQHU GXFW LV VWXGLHG LQ WKLV SDSHU E\
QXPHULFDO LQYHVWLJDWLRQ %\ FKDQJLQJ VRPH SDUDPHWHUV OLNH PDLQ IORZ 5H\QROGV QXPEHU EORZLQJ UDWLRQ DQG VR RQ
FRROLQJPHFKDQLVPRIQHZSODWHOHWVWUXFWXUH LV UHYHDOHG&RPSXWDWLRQUHVXOWVKRZVWKDW WKHQHZVWUXFWXUHEULQJVDIXOO
SOD\ IRU FRROLQJ DLU SRWHQF\ DQG DOVR LV KHOSIXO WR UHGXFH WHPSHUDWXUH JUDGLHQW RI ZDOO VXUIDFH PDLO IORZ 5H\QROGV
QXPEHU FKDQJLQJKDV VPDOO HIIHFWV RQZDOO VXUIDFH FRROLQJ HIIHFWLYHQHVVGLVWULEXWLRQ DV WKH LQFUHDVHRI EORZLQJ UDWLR
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LWV DGYDQWDJHV VXFK DV KLJK WKHUPDO UHVLVWDQFH VPDOO FRROLQJ DLU QHHG DQG KLJK FRROLQJ HIIHFWLYHQHVV







ORFDO KHDW WUDQVIHU RI SODWHOHWZDOO VXUIDFH LQQHUSDUW KDYH DOVREHHQ FDUULHGRXWZLGHO\)XQD]DNL >@ DQG
RWKHUV KDYH GRQH VRPH H[SHULPHQWDO UHVHDUFKHV RQ WKH KHLJKW RI LQQHU GXFW DQG WKH KHLJKWV¶ HIIHFWV RQ
HQKDQFLQJKHDWWUDQVIHU$QGE\FRPSXWDWLRQWKH\KDYHPDGHDQLQYHVWLJDWLRQRQWKHKHLJKWDQGGLVWULEXWLRQ
RISLQVDVZHOODVWKHLUHIIHFWVRQHQKDQFLQJKHDWWUDQVIHU$IWHUZDUGDFRQFOXVLRQKDVEHHQDFKLHYHGWKDWSLQV
KDYH VRPH YLWDO LPSRUWDQFH RQ VWUHQJWKHQLQJ KHDW WUDQVIHU IRU SODWHOHW ;LQKXD <X 'RQJOLDQJ 4XDQ DQG




7KH LQQHU GXFW VWUXFWXUHRI WKHPHQWLRQHG VFDOHOLNHSODWHOHW LV VLPLODUZLWK7UDQVSO\ZLWKRXW SLQV DQGZLWK
LQQHUGXFWV LQZDOOVXUIDFH LQQHUSDUW7KH LQQHUGXFWVDUUDQJLQJZD\ LQ WKH LQQHUSDUWRI WXUELQHEODGHZDOO
VXUIDFHLVVKRZHGLQ)LJXUH&RROLQJDLUFRPLQJIURPEODGHURRWWREODGHLQQHUFDYLW\FRROVWKHLQQHUZDOORI
EODGHILUVW7KHQSDVVLQJDLULQFDYLW\LWFRPHVWRWKHLQQHUGXFWRIVFDOHOLNHSODWHOHWDQGPDNHVDKHDWWUDQVIHU






















RIPHWDOZDOO VXUIDFH LQ WKH ILJXUH WKHUH LVDLULQFDYLW\ DLURXWFDYLW\ ILOPKROHDQGVFDOHOLNH LQQHUGXFWV









)LJXUH  LV FRPSXWDWLRQ JULG RI VFDOHOLNH GXFWV )LUVWO\ JULG JHQHUDWLRQ IRU VFDOHOLNH GXFWV LVPDGH DQG
XQVWUXFWXUHGJULGWKXVLVSURGXFHG6HFRQGO\DGHQVHJULGJHQHUDWLRQLVPDGHIRUHYHU\ILOPKROH$QGWKHQ
JULGJHQHUDWLRQIRUHYHU\DLULQFDYLW\DLURXWFDYLW\DQGWKHVROLGSDUWLQWKHZKROHPHWDOZDOOVXUIDFHLVPDGH




7KH VROYLQJPHWKRG LV SUHVVXUH FRUUHFWLRQPHWKRG DOVR FDOOHG 6,03/(PHWKRG'LVFUHWH VFKHPH RI HYHU\
SDUDPHWHU DGRSWV VHFRQGRUGHU XSZLQG VFKHPH $QG PLOG UHOD[DWLRQ WUHDWPHQW LV FDUULHG RXW IRU SUHVVXUH
FRUUHFWLRQ HTXDWLRQ FRQWLQXLW\ HTXDWLRQ PRPHQWXP HTXDWLRQ N DQG ε HTXDWLRQ 7KH UHOD[DWLRQ IDFWRU LV






VXUIDFHKHLJKWLVPPDQGWKHWKUHHUHSUHVHQWDWLYHVHFWLRQVDUH= PPLV WKHERWWRPERXQGDU\= PPLV
)LJXUH  &RPSXWDWLRQ GRPDLQ RI VFDOHOLNH LQQHU GXFW )LJXUH&RPSXWDWLRQJULGRIVFDOHOLNHGXFW










FDYLW\ YLFLQLW\ LV ORZHU ZKLOH WHPSHUDWXUH RI FURVVVHFWLRQ PLGGOH DUHD LV KLJKHU ,Q WKH IORZLQJ SURFHVV
FRROLQJDLU WHPSHUDWXUHLVJUDGXDOO\LQFUHDVHG7HPSHUDWXUHLVUHODWLYHO\ORZHUZKHQFRROLQJDLUHQWHUV IURP
DLULQFDYLW\ WR VFDOHOLNH LQQHUGXFWDQG WKHQDSSDUHQWO\JRHVXSZKHQFRROLQJDLU IORZVFRQWLQXDOO\ WRZDOO
VXUIDFHLQQHUSDUWDORQJWKHFKDQQHO$QGWHPSHUDWXUHUHDFKHVWKHKLJKHVWZKHQFRROLQJDLUJHWVWRWKHWRSRI
WKH WULDQJOH XQLW ZKLFK DLULQ FDYLW\ IDFHV 7KHQ FRROLQJ DLU FRPHV LQWR DLURXW FDYLW\ &KDQQHO OHQJWK LV






OHIW VLGHDLURXWFDYLW\DUH QHDU WKHXSSHU VLGH7KHUHIRUHKLJK WHPSHUDWXUHDUHDRI WKH ORZHU VLGH LVELJJHU
WKDQWKDWRIWKHXSSHUVLGH
(IIHFWVRI5H\QROGVQXPEHU
2Q WKUHH FRQGLWLRQV FRPSXWDWLRQ LV FDUULHG RXW %ORZLQJ UDWLR LV  5H\QROGV QXPEHU LV UHVSHFWLYHO\
DQG$QGVSHFLILFFRPSXWDWLRQUHVXOWVDUHVKRZHGLQ)LJXUHWR)LJXUH
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F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)LJXUH7HPSHUDWXUHGLVWULEXWLRQRIVHFWLRQ= E\GLIIHUHQW5H\QROGVQXPEHU
)LJXUH  LV WKH WHPSHUDWXUH GLVWULEXWLRQ RI ERXQGDU\ VXUIDFH EHWZHHQPHWDO ZDOO VXUIDFH DQGPDLQ IORZ
FKDQQHOE\GLIIHUHQW5H\QROGVQXPEHU,WLVLQGLFDWHGLQWKHILJXUHWKDWVXUIDFHWHPSHUDWXUHGLVWULEXWLRQRYHUDOO
)LJXUH=VHFWLRQSRVLWLRQ )LJXUH'LVWULEXWLRQRIVHFWLRQWHPSHUDWXUH













RI ILOPKROHH[LW LVPDLQO\HIIHFWHGE\ WKHKHDWDEVRUELQJRIFRROLQJDLU LQZDOO VXUIDFH$V WKH LQFUHDVHRI














5H\QROGVQXPEHU =  =  $YHUDJHFRROLQJHIIHFWLYHQHVV 3UHVVXUHORVV
    
    
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%\GLIIHUHQW5H\QROGVQXPEHUDYHUDJHFRROLQJHIIHFWLYHQHVVRI WZRVHFWLRQV= DQG= LVVKRZHGLQ
7DEOH  $QG SUHVVXUH ORVV LV DOVR JLYHQ E\ DYHUDJLQJ WKH WZR VHFWLRQV¶ FRROLQJ HIIHFWLYHQHVV &RROLQJ
HIIHFWLYHQHVV LV FORVH WR HDFKRWKHUZKHQ5H\QROGV QXPEHU LV  DQG DQG ORZHUZKHQ5H\QROGV
QXPEHU LV $YHUDJH FRROLQJ HIIHFWLYHQHVVRI VXFK VWUXFWXUH LVPRUH WKDQE\GLIIHUHQW5H\QROGV
)LJXUH$YHUDJHYHORFLW\DWILOPKROHH[LW)LJXUH$YHUDJHDLUWHPSHUDWXUHRIILOPKROHH[LW





2Q WKH FRQGLWLRQ RI 5H\QROGV QXPEHU  EORZLQJ UDWLR    UHVSHFWLYHO\ EORZLQJ UDWLR¶V
HIIHFWVLVFDOFXODWHG$QGFRPSDULVRQRIGLIIHUHQWVHFWLRQVLVVKRZHGLQ)LJXUHWR)LJXUH
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)LJXUH7HPSHUDWXUHGLVWULEXWLRQRIVHFWLRQ= E\GLIIHUHQWEORZLQJUDWLR
)LJXUH LV WKH WHPSHUDWXUHGLVWULEXWLRQRI VHFWLRQ= E\GLIIHUHQW EORZLQJ UDWLR ,W LV LQGLFDWHG LQ WKH
ILJXUHWKDWWKHKLJKDQGORZWHPSHUDWXUHDUHDGLVWULEXWLRQLVDOPRVWWKHVDPHRQO\WKHWHPSHUDWXUHJUDGLHQWRI
KLJK DQG ORZ WHPSHUDWXUH DUHD LQFUHDVHV DV WKH LQFUHDVH RI EORZLQJ UDWLR 7KH ZKROH WHPSHUDWXUH RI ZDOO
VXUIDFHLVPRUHHYHQZKHQEORZLQJUDWLRLVVPDOO:KHQEORZLQJUDWLRQLVELJJHU WKHZKROHWHPSHUDWXUHRI







7KHPDLQ IDFWRU WKDW KDV DQ HIIHFW RQ WKH DYHUDJH WHPSHUDWXUH DQG YHORFLW\ LV WKH IORZLQJ KHDW WUDQVIHU LQ
VFDOHOLNHLQQHUGXFWZKLOHWKHILOPFRYHULQJFRQGLWLRQLQPDLQIORZFKDQQHOKDVVPDOOHIIHFW
7DEOH&RROLQJHIIHFWLYHQHVVDQGSUHVVXUHORVVE\GLIIHUHQWEORZLQJUDWLR
%ORZLQJUDWLR =  =  $YHUDJHFRROLQJHIIHFWLYHQHVV 3UHVVXUHORVV
    
    












WLPHZKHQ EORZLQJ UDWLR LQFUHDVHV FRROLQJ HIIHFWLYHQHVV LQFUHDVHV WRR EXW WKH LQFUHDVLQJ DPSOLWXGH LQ QRW
OLQHDU HLWKHU:KHQ EORZLQJ UDWLR LQFUHDVHV IURP  WR  FRROLQJ DLU IORZ UDWH KDV LQFUHDVHG  EXW
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